Conformational flexibility of PEP mutase.
Previous work has indicated that PEP mutase catalyzes the rearrangement of phosphoenolpyruvate to phosphonopyruvate by a dissociative mechanism. The crystal structure of the mutase with Mg(II) and sulfopyruvate (a phosphonopyruvate analogue) bound showed that the substrate is anchored to the active site by the Mg(II), and shielded from solvent by a large loop (residues 115-133). Here, the crystal structures of wild-type and D58A mutases, in the apo state and in complex with Mg(II), are reported. In both unbound and Mg(II)-bound states, the active site is accessible to the solvent. The loop (residues 115-133), which in the enzyme-inhibitor complexes covers the active site cavity, is partially disordered or adopts a conformation that allows access to the cavity. In the apo state, the residues associated with Mg(II) binding are poised to accept the metal ion. When Mg(II) binds, the coordination is the same as that previously observed in the enzyme-Mg(II) sulfopyruvate complex, except that the coordination positions occupied by two ligand oxygen atoms are occupied by two water molecules. When the loop opens, three key active site residues are displaced from the active site, Lys120, Asn122, and Leu124. Lys120 mediates Mg(II) coordination. Asn122 and Leu124 surround the transferring phosphoryl group, and thus prevent substrate hydrolysis. Amino acid replacement of any one of these three loop residues results in a significant loss of catalytic activity. It is hypothesized that the loop serves to gate the mutase active site, interconverting between an open conformation that allows substrate binding and product release and a closed conformation that separates the reaction site from the solvent during catalysis.